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摘  要 















2、研究了 10 mM NaSCN+0.1 M NaOH溶液中，SCN-在多晶金电极表面的吸附
随电位的变化。在-1.1 V~0.2 V（vs SCE）之间，受电化学 Stark效应的影响，界面
上 SCN-的 C-N伸缩峰位置随电位正移发生蓝移。Stark斜率随电位正移的改变表明
界面上的 SCN-的吸附取向从 N 端吸附变为 S 端吸附。还观察到在吸附取向改变的
过程中，SCN-谱带的强度明显减弱，甚至消失。 
3、通过检测不同浓度和 pH 值下 SCN-在多晶金电极上的 BB-SFG 光谱随电位
的变化，研究了 OH-对 SCN-在多晶金电极上吸附的影响。发现在较正电位下，OH-
与 SCN-在电极表面发生竞争吸附，明显降低了 S端吸附时的 Stark斜率。 

























吸附。OH-对 SCN-的氧化反应的影响与OH-浓度密切相关。在 0.1 M HClO4中，OH
-
的浓度很低，OH-的影响几乎可以忽略，在 Au 界面观察到了氧化产物 Au(CN)2
- 和
AuCN的谱峰。当OH-的浓度达到 0.1 M时，Au电极表面形成明显的氧化层，阻碍
了 SCN-的氧化反应。  
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Abstract 
 As a second order nonlinear technique, sum frequency generation (SFG) 
spectroscopy has been used to investigate the molecular orientation, adsorption sites, 
arrangement, and dynamic processes on in-situ electrochemical surface due to its surface 
selectivity and high sensitivity (sub-monolayer detection). 
In the broadband sum frequency generation spectroscopy (BB-SFG), tunable 
femtosecond broadband IR pulses and picosecond narrowband visible pulses were used to 
create the SFG signal. For each IR center wavelength, over 200 cm
-1
 spectral band can be 
obtained simultaneously, and data acquisition efficiency is improved significantly. In this 
thesis, the hydroxyl ions (OH
-
) effect on the adsorption and oxidation behavior of 
thiocyanate ions (SCN
-
) on polycrystalline gold electrode (poly-Au electrode) had been 
investigated by BB-SFG. The major contents and findings are as follows: 
(1) Using self-assembled monolayer of 1-Octadecanethiol (ODT, CH3(CH2)17SH) on 
Au as a model system to investigate how the SFG band properties of the surface molecules 
affected by the substrate signals in BB-SFG. The results showed that the substrate signal 
clearly enhanced the molecular signal, althougth the lineshapes of the moecule SFG were 
modified by the substrate signal. And, we found that the weaker the molecular signal, the 
greater the enhancement. 
(2) Investigating the adsorption behavior of SCN
-
 on poly-Au electrode in 10 mM 
NaSCN and 0.1 M NaOH solution by BB-SFG. Under the influence of the 
electrochemical Stark effect, the SFG band of C-N vibrational stretching (C-N) blue 
shifted with positive scan of the surface potential in the range of -1.1 V ~0.2 V (vs. SCE). 
The change of Stark slope of C-N indicats that SCN
-
 reorients from N-bound to S-bound 
when the potential is scanned to the positive direction. 
(3) Through the potential-dependent BB-SFG spectra of SCN
-
 on poly-Au electrode 
with different pH and concentrations of SCN
-
, the effect of OH
-
 on the SCN
-
 adsorption 
behaviors was studied. The Stark slope of S-bound SCN
-
 decreases due to the coadsorption 
of OH
- 
















(4) Detecting the oxidation processes of SCN
-
 at poly-Au electrode in different 
supporting electrolyte (0.1 M NaOH, 0.1 M HClO4 and 0.1 M NaClO4) to exam how OH
-
 
affects the oxidation process. During the oxidation process, OH
-
 plays two important roles: 
(1) Promotion of the hydrolysis of the oxidation product ((SCN)2) will help the further 
oxidation of the SCN
-
 on Au surface, but hinders the adsorption of the oxidation products 
and makes the BB-SFG detection more difficult; (2)The adsorption of OH
-
 will help the 
oxidation of the Au surface itself. And the formation of the oxidation-layer will block 
further oxidation of SCN
-
 and the adsorption of the oxidation products (such as Au(CN)2
-
 
and AuCN). The OH
-
 effect on the oxidation processes of SCN
-
 is strongly related to 
concentration of OH
-
. In 0.1 M HClO4, the concentration of OH
-
 is too trivial to influence 
the oxidation process, the SFG bands of Au(CN)2
-
 and AuCN had been observed. When 
the concentration of OH
-
 is 0.1 M (0.1 M NaOH), gold oxidation-layer was formed and the 
oxidation process of SCN
-
 was hindered.  
(5) Study of the electronic structure of poly-Au surface under different potential in 10 
mM NaSCN and 0.1 M NaOH solution. At more positive potential, the Fermi level will 
descend, and the electrons in Au are ongoing interband transition from d-band to sp-band 
instead of intraband transition from sp-band to sp-band during the SFG process. The 
relative phase between the substrate and the adsorbed SCN
- 
signals will change because of 
the different electronic transition. As a consequence, when the potential is more positive, 
the lineshapes of C-N become Fano lineshape. From the potential-dependent BB-SFG 
lineshapes, we can obtain information about the relative position of the electronic energy 
levels of the electrode surface. 
Key Words ： Broadband Sum Frequency Generation, Hydroxyl ions, 
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